The total contents of trace elements in different soils vary far more than those of the major elements. Because of this the total contents in soils can be considered a better index of the availability of trace elements than of major elements, although not a sufficient assessment of it. In many respects, however, a knowledge of the total trace elements status of soils and of the factors affecting it is of great importance.
The trace element contents of mineral soils are primarily dependent on the parent rocks and minerals from which the soils have originated, as shown by several investigators (3, 12, 16, 17, 22) but the relationship between the concentrations of a trace element in a soil and in its parent material is seldom close enough for satisfactory estimation of the former from the latter (1, 13) . In Finland, owing to the heterogeneity of the parent rocks, to their occurrence in small areal exposures and to the übiquitous glacial translocations and mixing of parent material, such a direct comparison is difficult.
Light-textured mineral soils have often been found to be lower in various trace elements than heavier soils (2, 5, 6, 7, 8, 14, 23) . This is also obvious from the results of Vuorinen (20) , in which distinct differences can be seen between the amounts of trace elements in different Finnish soil types.
Organic soils have often been found to be low in total trace elements, while relatively high concentrations, of some trace elements may occur in mineral topsoils rich in organic matter (4, 8, 17, 22) . The total contents of many trace elements are generally low in Finnish peat soils, and particularly in Sphagnum peats, (20, 21) ; most of the Cu-deficiency cases, for example, are found in organic soils (18, 19) . The same is also true in Sweden, particularly in the northern part of the country (10, 15) .
The purpose of the study reported here was to establish the relation of the total contents of six trace elements to soil texture and organic matter content in Finnish soils covering a wide range of variation in respect of both soil factors in question.
Materials and methods
The effect of soil texture on the total contents of trace elements were studied in a series of 160 samples of mineral soils, on which particle size distribution analyses were made by the dry-and wet-sieving and pipette methods. For The total amounts of trace elements were determined spectrographically, with silver and palladium as internal standards (9) . The trace element contents were calculated on a volume basis and expressed as kilograms per hectare where the hectare corresponds to a hectare plow layer 20 cm in depth or a volume of 2 million liters. In a sample series including both organic and mineral soils, in which the bulk density of the latter may exceed that of the former by a factor of more than ten, the expression of the results on a weight basis can be misleading to the agriculturist, who is mainly interested in the elements in the soil horizons exploited by the common crop plants. Results 
and discussion
For comparison of the effects of texture and organic matter content on the trace element contents of mineral soils, single and multiple regressions were calculated for both variables. The equations of the multiple regressions and correlation coefficients of both single regressions are given in Table 1 . When comparing the regression and correlation coefficients it can be seen that the effect of texture on the total contents of cobalt, copper and nickel dominates completely. In the case of manganese the two factors are almost equally significant, while as regards the Fig. 1 . The regression equations for individual trace elements differ only slightly from the corresponding multiple regressions (Table 1) , except in the case of zinc, where the effect of organic matter is more pronounced. In spite of wide variation there is a clear tendency for the trace element contents to decrease with increasing particle size. This relation seems to be curvilinear, as was indicated by the generally higher correlation coefficients for the semilogarithmic than for the linear regressions.
The tendency for the trace element contents to decrease with coarser soil texture is apparently connected with the geological origin of the soil material and with the rate of weathering, as pointed out by Mitchell (12) . Even though the soils in Finland are seldom derived from the parent rock in situ, owing to the considerable glacial translocations and mixing that have taken place, the relative resistances to weathering of various rocks and minerals have undoubtedly influenced both the texture and consequently the trace element contents of the soils. Fine textured soils are likely to have been derived from more easily weathered rocks and minerals than coarse soils, in which resistant minerals like quartz are known to be the main constituents. Mitchell (11) presented a generalized scheme of the approximate order of stability of the commoner rock-forming minerals and the trace elements likely to be present in the minerals and soils containing such minerals. From this scheme in can be seen that most of those minerals containing the trace elements concerned in the present study are among the most easily weathered ones, while quartz is very resistant to weathering and likely to contain none of these elements. Lead forms an exception to this general rule and can seldom be expected to be present in the most easily weathered minerals. This may explain the lack of correlation between the amounts of lead and soil texture.
Correlations between the organic matter and trace element contents of soils were studied from a large sample material with a large variation in organic matter content: from almost plain mineral soils to peat soils containing only little mineral matter. The regression equations are given in Table 2 and regression lines in Fig. 2 . The correlations of all regressions were highly significant (r = > 0.9). Since the regressions were calculated according to the mean values in classified sample material (organic matter basis), the correlation coefficients do not take into account the variation within the classes but the regressions show only the nature of the effect of increasing organic matter without giving definite information about the variation. Because the correlations of the semilogarithmic regressions of second degree were considerably higher than those of first degree, the-nature of the effect of organic matter, as shown in Fig. 2 , can be considered well established.
In mineral soils the contents of the trace elements studied seem to increase with increasing organic matter and the maximum contents are likely to be found in soils containing from 5 to 15 per cent organic matter. Further increases of organic matter tend to decrease the total contents of trace elements until in organic soils they are at a minimum (kg/ha basis). This relation seems to be most pronounced for manganese and zinc, while for cobalt and copper the curvilinearity is somewhat less marked.
Although the general trend of the relation is very similar for all five trace elements concerned, the basic reason of it seems not to lie in a similarity of their chemical behaviour but is presumably pedologic in nature; All trace elements have originated from the mineral matter of soils. Plants growing and decaying on a mineral soil derive trace elements from further below and accumulate them on the surface layer in addition to that already present in the mineral soil. This causes the trace elements to increase with the organic matter content of mineral soil.
With further increases in the organic matter content, the proportion of the total trace elements made up by the elements in the mineral matter itself begins to decrease with a simultaneous decrease in the bulk density of the soil. Eventually, the contact between the peat layer on the top and mineral soil below becomes less and less close until finally in the top layer of a deep peat soil the only trace elements present are those gradually transported from the mineral subsoil by plants; the extreme cases of this development are the »raised swamps» of Sphagnum peat which are known to be very low in all nutrients. This general trend may be more apparent in the northern peats where, owing to climatic conditions, the decomposition of plant residues is slow, causing the fast accumulation of peat. Naturally, numerous local factors such as type of mineral subsoil, the drainage waters from surrounding areas, and leaching and fluctuation of the water table cause wide variations in this general tendency.
Summary
A study was conducted to evaluate the relation of the total contents of Co, Cu, Mn, Ni, Pb and Zn on soil texture and organic matter content.
In spite of a wide variation, a clear tendency for the trace element contents (Pb being an exception) to decrease with increasing particle size was found. The reason for this is believed to be associated with the geological origin of the soil material and with the relative resistance to weathering of the minerals from which the trace elements are derived.
In mineral soils the contents of trace elements increased with increasing organic matter and the maximum contents are likely to be found in soils containing from 5 to 15 per cent organic matter. A further increase in organic matter tends to decrease the total contents of trace elements expressed on a volume basis (kg/ha). The causes underlying this relation, which are believed to be pedological rather than chemical, are discussed.
